Introduction Data from the World Health Organization (WHO) demonstrates an increasing prevalence of obesity in Western countries. This study investigates the influence of obesity on the mode of delivery and the occurrence of hypoglycemia in newborns. Conclusions Obesity is an essential obstetric risk factor.
Materials and Methods
Obese women face an increased risk of non-elective C-sections, and newborns of obese mothers suffer from elevated rates of hypoglycemia. [1, 2] . Especially in Germany, the number of obese patients has increased inter alia (i. a.) at maternity clinics (2008-2011: prevalence of pregnant obese women 23.9 %), which creates challenges for midwives and gynecologists during their daily routine [3] . International studies i. a. from Sweden [4] , Great Britain [5] , Turkey [6] and Israel [7] investigated the influence of overweight status on pregnancy and delivery. These studies indicated elevated risks for pregnancies and deliveries of obese women such as neonatal hypoglycemia which requires immediate care [8, 9] . Arrowsmith et al. 2011 found in a British collective of obese women more inductions of labor and increased C-sections rates (28.4 % vs. 18.9 % for a BMI > 30 kg/m 2 vs. BMI 20-24.9 kg/m 2 ) but no increase in preterm deliveries despite increased complications of pregnancies of obese women [10] . As possible explanation poor contractility due to less Ca 2+ flux of myometrium from obese women was suggested [11] . In addition, further possible explanations for poor uterine contractility of obese women might be greater oxytocin utilization [12] , prostaglandin E2 insensitivity [13] and disturbed reactive oxidative species homeostasis [14] [15] [16] . An international systematic review analyzing eleven studies regarding obesity and mode of delivery showed an odds ratio (OR) for C-sections ranging from OR However, there are many differences between countries concerning prenatal care, obstetric management and postnatal care of newborns. Therefore, this study investigated the influence of an elevated BMI on the mode of delivery (primary outcome: nonelective C-sections) and on the occurrence of hypoglycemic newborns in a German University hospital.
ZUSAMMENFASSUNG

Materials and Methods
This study was approved by the ethical board of the University of Lübeck, Germany, (registration number 11-183). For this study, all deliveries (n = 17 205) at the Department of Obstetrics and Gynecology at the University Hospital of Lübeck were analyzed in a period of 11 years.
Inclusion and exclusion criteria
To avoid confounding, exclusions criteria were defined as BMI < 18.5 kg/m 2 (n = 519), patient height below 1.5 m (n = 26) (to avoid increased BMI because of small height), and patients with multiple pregnancies (n = 4122) (to prevent indication for C-section due to previous C-sections and to avoid potential confounding due to a previous successful vaginal delivery). Additionally, for the analysis of the mode of delivery, deliveries < 34th week of gestation were excluded to avoid confounding factors due to gestational age. For accurate analysis, patients with incomplete data (n = 599) were excluded from this study as well. ▶ Fig. 1 shows a flowchart of included patients.
Classification of obesity
Obesity was classified using weight at delivery which was the last documented weight of prenatal care. The BMI classification system from the WHO was used. Consequently, six different subgroups were formed, retrospectively: Outcome parameters: C-sections and neonatal hypoglycemia
All deliveries were analyzed for the main parameter of a non-elective C-section. A non-elective C-section was defined as a C-section that was performed due to indications from the course of delivery in order to avoid maternal or fetal threats.
35-39,9 n = 370, III°BMI ≥ 40 n = 212) mit anschließendem Vergleich bezüglich der definierten Outcomeparameter.
Ergebnisse Ein Vergleich der Geburtsmodi zeigt eine stei- Furthermore, the rate of hypoglycemia of newborns was investigated. Hypoglycemia was defined as blood glucose < 45 mg/dl 24 h postnatal. Hypoglycemia of newborns were determined using capillary blood samples which where collected 2 h postnatal according to AWMF guidelines [18] .
Fetal macrosomia was diagnosed for birth weights > 90th percentile according to the percentiles from Voigt M 2004 [19] . A birth weight < 10th percentile in combination with a pathologic umbilical arterial blood flow was considered as an intrauterine growth restriction (IUGR).
Additionally, to gain an overview of patient characteristics, the data concerning demography, pregnancy-related concomitant diseases, perinatal management and complications of newborns were analyzed.
Statistical analyses
For data collection, the software ViewPointFetal Database (GE Healthcare, Chicago, Illinois, United States) was used. Statistical analysis was done using the software SPSS 21.0. The Mann-Whitney U-test was used for independent, non-normally distributed parameters.
Analysis included the Mann-Whitney U test for continuous data, the χ 2 test for categorical data and Fisherʼs exact t-test.
Multivariate regression analysis was used to investigate the independence of mode of delivery from maternal age = X 1 , maternal height = X 2 , Origin = X 3 , Smoking = X 4 , multiparity = X 5 , preeclampsia = X 6 , pregnancy-induced hypertension = X 7 , and gestational diabetes = X 8 . Mode of delivery was defined as non-elective C-sections = Y. The statistical performance was calculated with the Omnibus test/likelihood-ratio test using no non-elective Csections as a reference.
To investigate independence of the hypoglycemia parameter of newborns from gestational diabetes x = 1 and C-section X= 2 , a multivariate regression analysis was used. Euglycemia was used as a reference. Statistical significance was considered at p < 0.05. 
Results
Patient characteristics
In this study, the data from 17 205 patients were analyzed, and 11 939 patients were included. The mean BMI of all patients was 24.71 71 kg/m 2 (standard deviation [SD] ± 5.04). There was no
Gaussian distribution of the BMI data, which are shown in ▶ Fig. 2 (Kolmogorov-Smirnov test < 0.05 %). The mean age of patients at delivery was 29.94 years (SD ± 6 years, 14-49 years). Statistical analysis showed independence of BMI from age of patients. Mean height was 1.68 meter (SD ± 0.06 m). Most women were of Caucasian ethnicity (82.6 %), a minority has an eastern European origin (5.9 %). 47.9 % of all included women were married (no statistical difference between all groups). Obese patients smoked more often > 10 cigarettes/day (general obesity versus [vs.] control group) and suffered more often from pre-existing concomitant diseases (diabetes mellitus I/II 11.3 vs. 3.8 %, p < 0.001; arterial hypertension 6.1 vs. 3.4 %, p < 0.001; and additional unspecific chronic diseases 19.1 vs. 15.1 %, p < 0.001). In addition to pre-existing diseases, obese women more often developed pregnancy-related diseases than the control group (gestational diabetes [GDM] 9.5 vs. 4.5 %, p < 0.001; pregnancy-induced hypertension [PIH] 6.1 vs. 1.4, p < 0.001; HELLP syndrome 1.5 vs. 0.9 %, p < 0.05; pre-eclampsia 4.8 vs. 2.0 %, p < 0.001; placental dysfunction 4.7 vs. 3.3 %, p < 0.001). For detailed data see ▶ Table 1 .
Mode of delivery of obese women
Analysis of the main outcome parameter, non-elective C-sections, revealed that obese women face higher risks for non-elective C-sections (general obesity vs. control group 20.5 vs. 15.9 %, Control group (BMI 18.5-24.9) n = 7712
▶ Fig. 1 Flowchart of patients.
▶ Table 1 Pregnancy-related concomitant diseases of different groups of obesity. p < 0.001) and pathological cardiotocography (CTG) (7.5 vs. 5.8 %, p < 0.001). ▶ Fig. 3 displays an elevation of non-elective C-sections depending on BMI.
In addition, elective C-sections were elevated in obese women (general obesity vs. control group 18.1 vs. 15.8 %, p < 0.05). Accordingly, obese women had a lower chance of a successful vaginal delivery than women in the control group (general obesity vs. control group 57.5 vs. 63.9 %, p < 0.001). Obese women who could deliver spontaneously suffered from increased injuries from birth (perineal lacerations: general obesity vs. control group 27.7 vs. 23.3 %, p < 0.001). Furthermore, obese women had to receive more inductions of labor than the control group (26.6 vs. 18.7 %, p < 0.001).
Conversely, there was no difference in gestational week or preterm delivery between all groups. For detailed data see ▶ Table 2 .
A multivariate regression analysis showed an increased incidence of hypoglycemia for newborns of obese women (general obesity vs. control group 0.6 vs. 0.3 %, p < 0.05). Hence, newborns of obese mothers had to be admitted more often to neonatal care unit (general obesity vs. control group 20.9 vs. 18.9 %, p < 0.05).
Furthermore, newborns were more often macrosomal (general obesity vs. control group 1.6 vs. 0.8 %, p < 0.001) or showed intrauterine growth restriction (4.3 vs. 3.5 %, p < 0.05).
Despite fetal macrosomia being an essential risk factor for shoulder dystocia, there was no significant difference for this obstetric emergency between all groups (general obesity vs. control group 1.35 vs. 0.99 ‰, p = 0.583). There was a statistical equal distribution of newborns sex between all groups.
For further data concerning Apgar values, venous umbilical cord-pH, stillbirth and malformation, see ▶ Table 3 .
Discussion
In this study, the prevalence of an overweight (BMI 25-29.9 kg/ m 2 ) and obese I°(BMI: 30-34.9 kg/m 2 ) status was 22.0 % (overweight) and 13.4 % (obesity I°) which is in line with the data from the Robert Koch Institute for Germany [8] . Obesity does not only appear as an isolated factor in this study, it is also combined with an unhealthy lifestyle. Thus, obese women smoke more often (even in pregnancy) and suffer from concomitant diseases of obesity (diabetes mellitus I/II, arterial hypertension). Moreover, the prevalence of gestational diabetes is elevated in obese women in this study (OR 3.0 with BMI > 25 kg/m 2 ). Therefore, this study underlines the need for consequent screening for gestational diabetes in obese women. This study found a 40 % increase in non-elective C-sections in women with a BMI > 30 kg/m 2 . Obese women who were able to deliver spontaneously suffered from more perineal lacerations which is in line with previous investigations [20] . The finding of elevated C-section rates in obese women was postulated by previous studies [21] [22] [23] . However, these studies did not differentiate between elective and non-elective C-sections, which is necessary for comparison of risks of delivery.
The elevation of non-elective C-sections in this study might be caused by the increase in pathological CTGs of obese women, which was revealed after further analysis. An enlarged abdominal girth can aggravate the acquisition of CTG patterns during routine clinical exams, which potentiates the danger of missing pathological CTGs of obese women.
Many studies [24] have demonstrated the disadvantages of C-sections vs. spontaneous vaginal delivery, such as specific risks of the operation (bowel violation, bladder violation, perioperative bleeding, etc.) or impairment of wound healing, which is espe- cially compounded by diabetes and an essential risk for obese women. Thus, this study shows greatly enhanced delivery risks for obese women. One may speculate that a more restrained management of delivery for obese patients is recommended.
Interestingly, the obstetric emergency of shoulder dystocia was not increased in obese women in this study, which is in contrast to previous findings [25] . The high rate of elective C-sections in obese women in this study might have selected cases at risk and therefore lowered number of cases.
In addition to enhanced maternal risks, newborns of obese mothers suffer from elevated rates of hypoglycemia and asphyxia, as demonstrated in this study. Consequently, newborns of mothers having a BMI > 30 kg/m 2 were more often admitted to the pediatric care unit for further treatment.
Analogous to previous studies [26] , the analysis of birth weight showed 90 % (for BMI > 25 kg/m 2 ) more macrosomal newborns with a higher mean birth weight from obese mothers, which might be linked to the previously mentioned increase in gestational diabetes in obese women.
In contrast to previous studies [27, 28] , there was no elevation of either stillbirths or major malformations of newborns from obese mothers. Successful prenatal care might have lowered the risk of stillbirths, which might also be reflected by the increase in elective C-sections in this study.
The slight decrease in pH-values from the umbilical cord (7.31 vs. 7.32) and the Apgar values (MG 9.42 vs. 9.30) were statistically significant, but their clinical relevance in this dimension is debatable.
In summary, an increased maternal BMI is an essential obstetric risk factor. Enhanced risks are present not only for obese women but also for newborns of obese mothers who may suffer from enhanced perinatal complications as well.
Limitations of this study
For an analysis of further development of newborns after admission to a pediatric care unit and a possible connection to maternal obesity, a standardized system of obstetric and neonatal data would be useful. In contrast to Scandinavian countries, this has not been established in Germany to date. 
CTG = Cardiotocography
Furthermore, this study is limited by its retrospective design. This led to incomplete data for n = 599 patients, which could indicate a risk for selection bias. Moreover, it is a unicentric study, and possible transferability to other regions or countries must be evaluated. Additionally, screening for gestational diabetes was performed in Germany before 2011 mainly by testing urine for glucose, which has a risk of false negative results. Hence, the prevalence of gestational diabetes may be higher than reported by this study.
Conclusion
Maternal obesity is an essential obstetric risk factor which becomes even more important in the future. Obese mothers suffer from high rates of non-elective C-sections, and newborns face a higher risk for postpartal hypoglycaemia depending on maternal BMI. Obese and overweight (BMI 25-30 kg/m 2 ) women planning a pregnancy need to be educated about increased risks which come with an elevated BMI. These patients should be encouraged to reduce weight before becoming pregnant.
▶ 
